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Executive Summary

Background
Atherosclerotic renal artery stenosis 
(ARAS) is increasingly common in an 
aging population with rising prevalence 
of diabetes, hypertension, obesity, 
dyslipidemia, and vascular disease. The 
goals of treatment are improvement in 
uncontrolled hypertension, preservation 
or salvage of kidney function, prevention 
or treatment of cardiac syndromes such as 
pulmonary edema or unstable angina, and 
ultimately improved survival. Treatment 
alternatives include medical therapy 
alone or renal artery revascularization 
with continued medical therapy. Medical 
therapy generally involves aggressive 
therapy with multiple antihypertensives, 
antilipidemics, and antiplatelet agents. 
Most commonly, revascularization 
is achieved through percutaneous 
transluminal renal angioplasty with stent 
placement (PTRAS) across the stenosis. 
Open surgical revascularization, once 
common, is generally reserved for patients 
who have complicated renal artery 
anatomy or who require aortic repair. 
After revascularization, patients generally 
continue aggressive medical therapy. The 
Tufts Evidence-based Practice Center 
conducted a Comparative Effectiveness 
Review of management strategies for 
ARAS in 2006, with an update in 2007. 
The review concluded that the evidence 
did not support one treatment approach 

Effective Health Care Program

The Effective Health Care Program 
was initiated in 2005 to provide valid 
evidence about the comparative 
effectiveness of different medical 
interventions. The object is to help 
consumers, health care providers, and 
others in making informed choices 
among treatment alternatives. Through 
its Comparative Effectiveness Reviews, 
the program supports systematic 
appraisals of existing scientific 
evidence regarding treatments for 
high-priority health conditions. It 
also promotes and generates new 
scientific evidence by identifying gaps 
in existing scientific evidence and 
supporting new research. The program 
puts special emphasis on translating 
findings into a variety of useful 
formats for different stakeholders, 
including consumers.

The full report and this summary are 
available at www.effectivehealthcare.
ahrq.gov/reports/final.cfm.

Effective 
Health Care

over another for the general population 
of people with ARAS. There was weak or 
inadequate evidence for most interventions 
and outcomes and for whether any clinical 
or intervention characteristics affect 
outcomes.

Effective Health Care Program
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Objectives
We sought to summarize the evidence evaluating the 
comparative effectiveness and safety of PTRAS, surgical 
revascularization, and medical therapy to treat ARAS in 
regard to clinically important outcomes. We evaluated what 
clinical, imaging, laboratory, and anatomic characteristics, 
and what PTRAS treatment variables are associated with 
outcomes.

Data Sources
We searched MEDLINE®, Embase®, the Cochrane Central 
Register of Controlled Trials, and Cochrane Database of 
Systematic Reviews from inception to March 16, 2016. 
We also included still-eligible studies from the original 
reports and screened studies from relevant existing 
systematic reviews; recent kidney, urology, and vascular 
surgery conference proceedings; and the U.S. Food 
and Drug Administration, World Health Organization, 
and ClinicalTrials.gov databases. Furthermore, we 
solicited studies via Scientific Information Packets from 
manufacturers.

Review Methods
We included comparative studies of any design of PTRAS, 
medical therapy, and/or surgical revascularization (where 
renal artery revascularization was the most common 
primary indication for surgery). We also included 
prospective studies of PTRAS (N ≥30), medical therapy 
alone (N ≥10), and surgery (N ≥10 if prospective, N 
≥100 if retrospective). We further included the 20 most 
recently published case reports of patients with acute 
decompensation due to ARAS. The assessed outcomes 
included all-cause and cardiovascular mortality, 
cardiovascular events (including congestive heart failure 
and coronary or cerebral artery revascularization), renal 
replacement therapy (RRT) and other kidney events, 
hypertensive crises and other hypertension-related events, 
kidney function, blood pressure (BP) control, medication 
use, and adverse events. Clinical heterogeneity in terms of 
study design, particularly heterogeneity related to patient 
eligibility criteria, precluded meta-analysis of comparative 
studies; heterogeneity of outcome definitions and results 
precluded meaningful meta-analysis of observational 
studies. 

Results
From 1,454 citations from the updated search, other 
literature sources, and the original reports, we included 
78 relevant studies and 20 case reports. Nine randomized 

controlled trials (RCTs) and 11 other comparative studies 
compared treatment options; 67 individual cohorts of 
patients (in 63 studies) were treated with PTRAS in 
prospective studies; 20 cohorts of patients (in 17 studies) 
were treated with medical therapy alone in prospective 
studies; and 4 eligible cohorts of patients were treated 
surgically. Studies are double-counted because cohorts came 
from single-group and comparative studies. Findings are 
summarized by intervention and Key Question in Table A.

Comparative Studies

RCTs of PTRAS versus medical therapy were limited 
in their applicability to only patients for whom there 
was clinical equipoise between the two options. Patients 
with acute decompensation, including pulmonary edema 
or rapidly declining kidney function, make up about 
23 percent of patients presenting with ARAS but were 
underrepresented in trials. Six RCTs found no statistically 
significant differences or, overall, minimal clinically 
important differences in mortality, RRT, cardiovascular 
events, or pulmonary edema, but the RCTs were not 
powered for these outcomes. Six RCTs mostly found no 
statistically significant difference in change in kidney 
function and seven RCTs mostly found no difference in 
BP control. Procedural adverse events were rare and no 
medication-related adverse events were reported. Effect 
size estimates were generally imprecise, and there was 
inconsistency in effect size estimates across studies. One 
RCT that compared open surgical revascularization with 
medical therapy alone found no statistically significant 
differences in mortality, RRT, or BP control. One RCT 
that compared PTRAS and surgery found no statistically 
significant difference in mortality, kidney function, or 
BP. While nonrandomized comparative studies did not 
require clinical equipoise between treatments, they failed 
to adequately account for fundamental differences between 
patients who undergo PTRAS and those who remain on 
medical therapy alone, or between those who undergo 
PTRAS or surgery. However, nonrandomized studies of 
PTRAS versus medical therapy found no statistically 
significant difference in mortality, but mostly found 
that PTRAS improved kidney function (e.g., 7–28% of 
participants had improvement with PTRAS vs. 6–8% 
with medical therapy) and BP control (e.g., 5 of 6 studies 
found net change in systolic BP of about −5 to −16 mmHg, 
favoring PTRAS) more than medical therapy. Studies of 
PTRAS versus surgery found no statistically significant 
difference in mortality or BP control, but one study found 
that kidney function improvement was more common after 
surgery (52% of patients) than PTRAS (24%).
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Noncomparative Studies

The review summarizes clinical event rates and changes in 
kidney function and BP for the single-intervention studies. 
All 20 case reports describe patients who had clinical 
and symptomologic improvement (particularly related to 
pulmonary edema, severe acute kidney injury or RRT, and 
malignant hypertension) after revascularization. 

Subgroup Analyses

Two RCTs found no patient characteristics that were 
significantly associated with different outcomes between 
PTRAS and medical therapy. A retrospective comparative 
study found that patients presenting with flash pulmonary 
edema or with both rapidly declining kidney function 
and refractory hypertension had decreased mortality 
with PTRAS (vs. medical therapy) compared with other 
patients. In single-intervention studies, worse pre-PTRAS 
kidney function or BP was generally associated with 
better improvement in these outcomes, and worse kidney 
function was associated with increased death. Studies 
were inconsistent regarding whether bilateral disease 
was associated with outcomes. In general, patients with 
histories of cardiovascular disease were at increased 
risk of adverse clinical outcomes, including death. In 
two medical therapy studies, having flash pulmonary 
edema, but not rapid kidney function decline or refractory 
hypertension, was associated with increased death or, 
separately, cardiovascular events but not RRT (1 study); 
patients with worse kidney function or with proteinuria 
were at significantly increased risk of RRT but not death. 
Two studies examined the association between specific 
medications and clinical outcomes, both of which found 
a strong association between statin use and reduced 
death, RRT, and cardiovascular outcomes, but conflicting 
findings regarding association of angiotensin inhibitors and 
outcomes. One study found no association between beta 
blocker use and outcomes. Two studies found no difference 
in composite cardiovascular and renal outcomes by age. In 
three PTRAS studies, use of gold-coated stents, sirolimus 
eluting stents, embolic protection devices, and intraluminal 
brachytherapy were not associated with improved 
outcomes.

Conclusions
Because of important limitations in the evidence base, 
there is low strength of evidence for all outcomes 
regarding the relative benefit of PTRAS and medical 
therapy alone for patients with ARAS. An important caveat 
in interpreting the results of RCTs, which lowered the 
overall strength of evidence, is their restriction to patients 

for whom there is clinical equipoise regarding the benefit 
between revascularization and medical therapy alone. 
Patients and clinicians had to agree to the possibility of not 
having PTRAS to be included in a trial. Because there is 
a strong belief that PTRAS is superior to medical therapy 
alone in the one-quarter of patients with ARAS who 
present with pulmonary edema or rapidly declining kidney 
function, these patients were generally not included in 
trials. Therefore, the RCTs may not apply to these patients. 
There is an intrinsic discordance between the RCTs that 
ask “How does PTRAS compare with current medical 
therapy?” and observational studies that, for the most part, 
ask either “How effective is medical therapy for patients 
who are thought not to require revascularization?” or “How 
effective is revascularization when used in patients who are 
thought to require it?” (usually because of “failed” medical 
therapy). There were several limitations to the evidence. 
Populations of eligible patients varied between and within 
studies. Only the CORAL (Cardiovascular Outcomes in 
Renal Atherosclerotic Lesions) trial explicitly incorporated 
translesional pressure gradient measurements into its 
eligibility criteria and assessment of stenosis severity. 
Other studies that did not diagnose severe renal artery 
stenosis as definitively may be biased to the null, since one 
would not expect revascularization to be as effective in 
patients with nonsevere stenosis. Not only did definitions 
of ARAS vary (affecting eligibility criteria), but the studies 
also were highly heterogeneous in terms of definitions of 
outcomes, particularly clinical and categorical outcomes 
related to BP control and kidney function. Conclusions 
across studies about incidence and relative rates of these 
outcomes are therefore limited. Furthermore, most studies 
(particularly the single-group studies) included and 
analyzed all-comers who had the intervention of interest, 
regardless of baseline kidney function or BP. This may also 
have biased the effect of the interventions toward the null 
as, for example, patients with normal kidney function at 
baseline would not be expected to have any improvement 
in kidney function with treatment. In addition, effect 
size estimates, particularly for clinical outcomes, were 
generally imprecise, and findings were commonly 
inconsistent across studies. Only one trial of PTRAS 
versus medical therapy had a primary clinical outcome 
(CORAL: composite cardiovascular and kidney events) 
and none were explicitly adequately powered for clinical 
outcomes. Also, while nonrandomized trials did not 
require clinical equipoise between treatments, they were 
inadequately adjusted to account for underlying differences 
between patients undergoing different interventions. 

Thus, there is a low strength of evidence of no statistically 
significant or minimal clinically important difference in 
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important clinical outcomes (death, cardiovascular events, 
RRT) or BP control between PTRAS and medical therapy 
alone, but this conclusion is most applicable to those 
patients for whom there is clinical equipoise between the 
two treatments. There is low strength of evidence that 
kidney function may be improved in patients who undergo 
PTRAS versus medical therapy based on comparative 
studies and the indirect comparison between cohorts of 
patients who had PTRAS or continued medical therapy. 
Clinically important adverse events related to PTRAS 
are rare; however, studies generally failed to report 
medication-related adverse events. 

Data on adverse events were, overall, sparse, particularly 
for medical therapy. While rates of PTRAS complications 
varied across studies, in the RCTs, which used rigorous 
criteria for enrolling and implementing PTRAS and 
prospectively collected adverse event data, complication 
rates were low. 

Analyses of predictors of outcomes after PTRAS were 
mostly inconsistent, but a single observational study 
found that a subset of patients with flash pulmonary 
edema, rapidly declining kidney function, and refractory 
hypertension fared better with PTRAS than medical 
therapy, in contrast with other subpopulations of patients. 
Notably, though, this population was generally excluded 
from the RCTs. However, this finding comports with 
the generally good outcomes seen in case reports of 
patients with acute decompensation. Otherwise, the most 
consistent, although not universal, finding was that patients 
with worse kidney function or BP were more likely to 
have improvement in those outcomes after PTRAS than 
patients with less bad kidney function or BP. The evidence, 
however, does not provide support for any given PTRAS-
related technique.

Since the original Agency for Healthcare Research and 
Quality review, new RCTs and more comprehensive 
nonrandomized and noncomparative studies have become 
available. Although limitations in the RCTs and other 
evidence remain, for patients similar to those enrolled in 
the RCTs (for whom there is clinical equipoise between 
PTRAS and medical therapy), we now have direct 
evidence of no statistically significant or minimal clinically 
important difference in long-term outcomes between 
treatment options. We also have more complete, if still 
inconclusive, evidence about which patients may best 
respond to PTRAS.

New studies or reanalyses of data in existing studies are 
needed to better understand the comparative effectiveness 
of PTRAS versus medical therapy for those patients 
who most commonly undergo PTRAS—namely, those 
who have a “clinical indication” for revascularization 
under current standard practice. Given the difficulties 
recruiting into RCTs a broad spectrum of study subjects 
who are fully representative of patients with ARAS, new 
analyses are needed of large databases, such as potentially 
a registry, that adequately account for fundamental 
differences between patients who have revascularization 
and those who remain on medical therapy alone. The larger 
existing trials and other studies also can be reanalyzed 
to further evaluate potential subgroup differences or 
predictors of outcomes (e.g., based on stenosis severity 
or cointerventions) Based on the evidence, subsets of 
patients benefit from revascularization (at least in terms 
of improved kidney function and BP control), but the 
evidence does not clearly define who these patients are. 
As evidenced from case reports, patients with acute 
decompensation can benefit from revascularization, but a 
study that includes an unbiased sample of these patients is 
needed.
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 h
ig

he
r 

pr
e-

P
T

R
A

S
 B

P
 (

in
 3

 o
f 

5 
st

ud
ie

s)
, h

ig
he

r 
gr

ad
e 

of
 s

te
no

si
s 

(i
n 

2 
of

 5
 s

tu
di

es
).

 A
bs

en
ce

 o
f 

ca
rd

io
va

sc
ul

ar
 d

is
ea

se
, f

em
al

e 
se

x,
 a

nd
 y

ou
ng

er
 a

ge
 

w
er

e 
fo

un
d 

to
 b

e 
si

gn
ifi

ca
nt

ly
 a

ss
oc

ia
te

d 
w

it
h 

be
tt

er
 o

ut
co

m
es

 in
 o

nl
y 

1 
of

 4
 o

r 
5 

st
ud

ie
s.

 H
ow

ev
er

, i
n 

co
nt

ra
di

st
in

ct
io

n 
to

 th
ei

r 
as

so
ci

at
io

ns
 

w
it

h 
in

te
rm

ed
ia

te
 o

ut
co

m
es

, d
ea

th
, R

R
T,

 a
nd

 c
om

po
si

te
 c

li
ni

ca
l o

ut
co

m
es

 w
er

e 
as

so
ci

at
ed

 w
it

h 
w

or
se

 p
re

-P
T

R
A

S
 k

id
ne

y 
fu

nc
ti

on
 (

in
 3

 o
f 

5 
st

ud
ie

s)
, b

il
at

er
al

 s
te

no
si

s 
(i

n 
2 

of
 5

 s
tu

di
es

),
 c

ar
di

ov
as

cu
la

r 
di

se
as

e 
(i

n 
2 

of
 4

 s
tu

di
es

),
 a

nd
 C

H
F

 (
in

 3
 o

f 
5 

st
ud

ie
s)

. I
n 

ad
di

ti
on

, s
m

ok
in

g 
an

d 
di

ab
et

es
 w

er
e 

as
so

ci
at

ed
 w

it
h 

cl
in

ic
al

 e
ve

nt
s 

in
 o

nl
y 

1 
of

 e
it

he
r 

3 
or

 4
 s

tu
di

es
.

P
T

R
A

S,
 K

ey
 Q

ue
st

io
n 

3:
 T

re
at

m
en

t 
fa

ct
or

s 
pr

ed
ic

ti
ng

 e
ff

ec
ts

 (
no

nc
om

pa
ra

ti
ve

)

T
re

at
m

en
t f

ac
to

rs
T

hr
ee

 s
tu

di
es

 a
dd

re
ss

ed
 d

if
fe

re
nc

es
 in

 tr
ea

tm
en

t f
ac

to
rs

 a
s 

pr
ed

ic
to

rs
 o

f 
ou

tc
om

es
. N

o 
di

ff
er

en
ce

s 
in

 o
ut

co
m

es
 w

er
e 

fo
un

d 
w

it
h 

or
 w

it
ho

ut
 

go
ld

-c
oa

te
d 

st
en

ts
, s

ir
ol

im
us

 e
lu

ti
ng

 s
te

nt
s,

 e
m

bo
li

c 
pr

ot
ec

ti
on

 d
ev

ic
es

, o
r 

in
tr

al
um

in
al

 b
ra

ch
yt

he
ra

py
.

M
ed

ic
al

 t
he

ra
py

, o
ve

ra
ll

R
is

k 
of

 b
ia

s
Tw

en
ty

 c
oh

or
ts

 o
f 

pa
ti

en
ts

 (
in

 1
7 

pr
os

pe
ct

iv
e 

st
ud

ie
s)

 r
ep

or
te

d 
ou

tc
om

es
 in

 p
at

ie
nt

s 
re

ce
iv

in
g 

m
ed

ic
al

 th
er

ap
y 

al
on

e.
 T

he
 s

tu
di

es
 w

er
e 

hi
gh

ly
 

he
te

ro
ge

ne
ou

s 
in

 b
ot

h 
th

ei
r 

in
cl

ud
ed

 p
at

ie
nt

s 
an

d 
sp

ec
ifi

c 
m

ed
ic

al
 tr

ea
tm

en
ts

 (
bo

th
 w

it
hi

n 
an

d 
ac

ro
ss

 s
tu

di
es

).
 M

an
y 

of
 th

e 
st

ud
ie

s 
w

er
e 

de
em

ed
 to

 b
e 

at
 h

ig
h 

ri
sk

 o
f 

bi
as

 f
or

 f
ai

lu
re

 to
 a

dj
us

t f
or

 d
if

fe
re

nt
 le

ng
th

s 
of

 f
ol

lo
w

up
 a

nd
 a

tt
ri

ti
on

 b
ia

s.

M
ed

ic
al

 t
he

ra
py

, K
ey

 Q
ue

st
io

n 
1:

 E
ff

ec
ts

 o
f 

in
te

rv
en

ti
on

s 
(n

on
co

m
pa

ra
ti

ve
)

M
or

ta
li

ty
In

 1
0 

st
ud

ie
s,

 m
or

ta
li

ty
 r

an
ge

d 
fr

om
 9

 to
 5

6%
 a

ft
er

 2
 to

 9
 y

ea
rs

 o
f 

fo
ll

ow
up

. O
th

er
 th

an
 a

 g
en

er
al

 tr
en

d 
to

w
ar

d 
in

cr
ea

se
d 

de
at

h 
w

it
h 

lo
ng

er
 

te
rm

 f
ol

lo
w

up
, t

he
re

 w
as

 n
o 

cl
ea

r 
ex

pl
an

at
io

n 
ac

ro
ss

 s
tu

di
es

 f
or

 th
e 

di
ff

er
en

ce
 in

 m
or

ta
li

ty
.

Ta
b
le

 A
. 

Su
m

m
a
ry

 o
f 

fi
n
d
in

g
s 

b
y
 in

te
rv

en
ti
o
n
 c

o
m

p
a
ri

so
n
s 

a
n
d
 K

ey
 Q

u
es

ti
o
n
s 

(c
o
n
ti
n
u
ed

)



8

M
ed

ic
al

 t
he

ra
py

, K
ey

 Q
ue

st
io

n 
1:

 E
ff

ec
ts

 o
f 

in
te

rv
en

ti
on

s 
(n

on
co

m
pa

ra
ti

ve
) 

(c
on

ti
nu

ed
)

R
R

T
In

 7
 s

tu
di

es
, i

nc
id

en
t R

R
T

 o
cc

ur
re

d 
in

 2
 to

 1
8%

 o
f 

pa
ti

en
ts

 b
et

w
ee

n 
3 

an
d 

5 
ye

ar
s,

 b
ut

 w
it

h 
no

 c
le

ar
 e

xp
la

na
ti

on
 o

f 
th

e 
he

te
ro

ge
ne

it
y 

ac
ro

ss
 

st
ud

ie
s,

 in
cl

ud
in

g 
le

ng
th

 o
f 

fo
ll

ow
up

.

C
ar

di
ov

as
cu

la
r 

ou
tc

om
es

In
 9

 s
tu

di
es

, v
ar

io
us

 c
ar

di
ov

as
cu

la
r 

ou
tc

om
es

 w
er

e 
re

po
rt

ed
 to

 o
cc

ur
, b

ut
 w

it
h 

hi
gh

ly
 h

et
er

og
en

eo
us

 p
er

ce
nt

ag
es

 o
f 

pa
ti

en
ts

 (
in

cl
ud

in
g 

C
H

F,
1.

4-
13

%
; M

I,
 2

.5
-8

3%
; s

tr
ok

e,
 2

.5
-2

3%
).

K
id

ne
y 

fu
nc

ti
on

Te
n 

st
ud

ie
s 

re
po

rt
ed

 o
n 

ki
dn

ey
 f

un
ct

io
n 

ou
tc

om
es

. K
id

ne
y 

fu
nc

ti
on

 im
pr

ov
ed

 in
 0

 to
 2

6%
 o

f 
pa

ti
en

ts
 a

nd
 d

et
er

io
ra

te
d 

in
 1

9 
to

 3
8%

 o
f 

pa
ti

en
ts

 (
4 

st
ud

ie
s)

. I
n 

3 
st

ud
ie

s,
 G

F
R

 c
ha

ng
ed

 b
y 

−
0.

7 
to

 8
 m

L
/m

in
 b

et
w

ee
n 

1 
an

d 
6 

ye
ar

s 
of

 f
ol

lo
w

up
 a

nd
 S

C
r 

ch
an

ge
d 

by
 −

0.
1 

an
d 

1.
3 

m
g/

dL
 a

t b
et

w
ee

n 
1 

an
d 

5 
ye

ar
s 

of
 f

ol
lo

w
up

. I
n 

4 
st

ud
ie

s,
 2

 to
 8

2%
 o

f 
pa

ti
en

ts
 h

ad
 e

pi
so

de
s 

of
 a

cu
te

 k
id

ne
y 

in
ju

ry
. I

n 
21

 s
tu

di
es

, k
id

ne
y 

fu
nc

ti
on

 
im

pr
ov

ed
 in

 1
2 

to
 8

2%
 a

nd
 w

or
se

ne
d 

in
 4

 to
 3

7%
 o

f 
pa

ti
en

ts
. T

w
en

ty
-o

ne
 s

tu
di

es
 h

ad
 a

 m
ed

ia
n 

ch
an

ge
 in

 G
F

R
 o

f 
0 

m
L

/m
in

 (
ra

ng
e,

 −
9 

to
 1

0 
m

L
/m

L
).

 T
he

re
 w

as
 n

o 
cl

ea
r 

ex
pl

an
at

io
n 

ac
ro

ss
 s

tu
di

es
 f

or
 th

e 
w

id
e 

he
te

ro
ge

ne
it

y 
in

 c
ha

ng
e 

in
 k

id
ne

y 
fu

nc
ti

on
.

B
P

 c
on

tr
ol

Tw
el

ve
 s

tu
di

es
 r

ep
or

te
d 

on
 B

P
 o

ut
co

m
es

. I
n 

1 
st

ud
y,

 4
%

 o
f 

pa
ti

en
ts

 b
ec

am
e 

ne
w

ly
 h

yp
er

te
ns

iv
e 

an
d 

0 
ha

d 
a 

hy
pe

rt
en

si
ve

 c
ri

si
s.

 I
n 

10
 s

tu
di

es
, 

S
B

P
 c

ha
ng

ed
 b

y 
−

6 
to

 −
22

 m
m

H
g 

an
d 

D
B

P
 b

y 
−

1 
to

 −
13

 m
m

H
g.

 I
n 

2 
st

ud
ie

s,
 th

e 
nu

m
be

r 
of

 a
nt

ih
yp

er
te

ns
iv

e 
m

ed
ic

at
io

ns
 w

as
 u

nc
ha

ng
ed

 
af

te
r 

1.
75

 y
ea

rs
 o

f 
fo

ll
ow

up
 a

nd
 in

cr
ea

se
d 

by
 1

.4
 m

ed
ic

at
io

ns
 a

ft
er

 3
.6

 y
ea

rs
.

A
C

E
i/

A
R

B
 u

se
Tw

o 
st

ud
ie

s 
fo

un
d 

in
cr

ea
se

s 
in

 th
e 

pe
rc

en
ta

ge
 o

f 
pa

ti
en

ts
 o

n 
A

C
E

i o
r A

R
B

 a
ft

er
 1

 y
ea

r—
fr

om
 7

9 
to

 8
3%

 in
 1

 s
tu

dy
 a

nd
 f

ro
m

 3
8 

to
 4

3%
 in

 
th

e 
ot

he
r.

A
dv

er
se

 e
ve

nt
s

N
o 

st
ud

y 
re

po
rt

ed
 o

n 
ad

ve
rs

e 
ev

en
ts

 r
el

at
ed

 to
 m

ed
ic

at
io

n 
us

e.

M
ed

ic
al

 t
he

ra
py

, K
ey

 Q
ue

st
io

n 
2:

 P
at

ie
nt

 f
ac

to
rs

 p
re

di
ct

in
g 

ef
fe

ct
s 

(n
on

co
m

pa
ra

ti
ve

)

Pa
ti

en
t f

ac
to

rs
Tw

o 
st

ud
ie

s 
re

po
rt

ed
 o

n 
pa

ti
en

t-
le

ve
l p

re
di

ct
or

s 
of

 c
li

ni
ca

l o
ut

co
m

es
. I

n 
1 

st
ud

y 
ea

ch
, s

ta
ti

st
ic

al
ly

 s
ig

ni
fi

ca
nt

 a
ss

oc
ia

ti
on

s 
w

er
e 

fo
un

d 
be

tw
ee

n 
fl

as
h 

pu
lm

on
ar

y 
ed

em
a 

an
d 

bo
th

 d
ea

th
 a

nd
 c

ar
di

ov
as

cu
la

r 
ev

en
ts

, a
nd

 b
et

w
ee

n 
lo

w
er

 G
F

R
 a

nd
 R

R
T,

 a
nd

 a
 n

ea
r-

si
gn

ifi
ca

nt
 

as
so

ci
at

io
n 

w
as

 f
ou

nd
 b

et
w

ee
n 

pr
ot

ei
nu

ri
a 

an
d 

R
R

T.
 N

o 
as

so
ci

at
io

ns
 w

er
e 

fo
un

d 
be

tw
ee

n 
fl

as
h 

pu
lm

on
ar

y 
ed

em
a 

an
d 

R
R

T,
 lo

w
er

 G
F

R
 a

nd
 

de
at

h,
 o

r 
ra

pi
d 

ki
dn

ey
 f

un
ct

io
n 

de
te

ri
or

at
io

n,
 r

ef
ra

ct
or

y 
H

T
N

, s
ex

, o
r 

hi
st

or
y 

of
 c

or
on

ar
y 

ar
te

ry
 d

is
ea

se
 a

nd
 c

li
ni

ca
l o

ut
co

m
es

.

M
ed

ic
al

 t
he

ra
py

, K
ey

 Q
ue

st
io

n 
3:

 T
re

at
m

en
t 

fa
ct

or
s 

pr
ed

ic
ti

ng
 e

ff
ec

ts
 (

no
nc

om
pa

ra
ti

ve
)

T
re

at
m

en
t f

ac
to

rs
Tw

o 
st

ud
ie

s 
ad

dr
es

se
d 

di
ff

er
en

ce
s 

in
 tr

ea
tm

en
t f

ac
to

rs
 a

s 
pr

ed
ic

to
rs

 o
f 

ou
tc

om
es

. O
ne

 s
tu

dy
 f

ou
nd

 n
o 

as
so

ci
at

io
n 

be
tw

ee
n 

be
ta

 b
lo

ck
er

s 
or

 
A

C
E

i a
nd

 d
ea

th
 o

r 
R

R
T,

 b
ut

 th
e 

se
co

nd
 s

tu
dy

 f
ou

nd
 th

at
 A

C
E

i u
se

 w
as

 a
ss

oc
ia

te
d 

w
it

h 
re

du
ce

d 
ca

rd
io

va
sc

ul
ar

 e
ve

nt
s 

an
d 

st
at

in
 u

se
 w

as
 

as
so

ci
at

ed
 w

it
h 

re
du

ce
d 

ca
rd

io
re

na
l e

ve
nt

s,
 d

ea
th

, a
nd

 R
R

T.

Su
rg

ic
al

 r
ev

as
cu

la
ri

za
ti

on
, o

ve
ra

ll

R
is

k 
of

 b
ia

s
Fo

ur
 s

tu
di

es
 (

3 
re

tr
os

pe
ct

iv
e,

 1
 p

ro
sp

ec
tiv

e)
 r

ep
or

te
d 

ou
tc

om
es

 in
 p

at
ie

nt
s 

re
ce

iv
in

g 
su

rg
ic

al
 r

ev
as

cu
la

ri
za

ti
on

. T
he

 s
tu

di
es

 w
er

e 
hi

gh
ly

 
he

te
ro

ge
ne

ou
s 

in
 b

ot
h 

th
ei

r 
in

cl
ud

ed
 p

at
ie

nt
s 

an
d 

sp
ec

ifi
c 

su
rg

ic
al

 te
ch

ni
qu

es
 (

bo
th

 w
it

hi
n 

an
d 

ac
ro

ss
 s

tu
di

es
).

 T
he

 r
et

ro
sp

ec
tiv

e 
st

ud
ie

s 
w

er
e 

su
bj

ec
t t

o 
hi

gh
 r

is
k 

of
 b

ia
s 

re
la

te
d 

to
 a

tt
ri

ti
on

, s
el

ec
tiv

e 
re

po
rt

in
g,

 a
nd

 la
ck

 o
f 

ad
ju

st
m

en
t f

or
 d

if
fe

re
nt

 le
ng

th
s 

of
 f

ol
lo

w
up

. T
he

 p
ro

sp
ec

tiv
e 

st
ud

y 
w

as
 d

ee
m

ed
 lo

w
 r

is
k 

of
 b

ia
s.

Su
rg

ic
al

 r
ev

as
cu

la
ri

za
ti

on
, K

ey
 Q

ue
st

io
n 

1:
 E

ff
ec

ts
 o

f 
in

te
rv

en
ti

on
s 

(n
on

co
m

pa
ra

ti
ve

)

M
or

ta
li

ty
In

 4
 s

tu
di

es
, m

or
ta

li
ty

 r
an

ge
d 

fr
om

 2
6 

to
 3

6%
 a

ft
er

 a
bo

ut
 5

 y
ea

rs
 o

f 
fo

ll
ow

up
. 

R
R

T
In

 2
 s

tu
di

es
, i

nc
id

en
t R

R
T

 (
or

 c
om

bi
ne

d 
re

na
l f

ai
lu

re
 o

ut
co

m
es

) 
oc

cu
rr

ed
 in

 3
8 

an
d 

74
%

 o
f 

pa
ti

en
ts

 a
t a

bo
ut

 5
 y

ea
rs

 o
f 

fo
ll

ow
up

.

Ta
b
le

 A
. 

Su
m

m
a
ry

 o
f 

fi
n
d
in

g
s 

b
y
 in

te
rv

en
ti
o
n
 c

o
m

p
a
ri

so
n
s 

a
n
d
 K

ey
 Q

u
es

ti
o
n
s 

(c
o
n
ti
n
u
ed

)
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Su
rg

ic
al

 r
ev

as
cu

la
ri

za
ti

on
, K

ey
 Q

ue
st

io
n 

1:
 E

ff
ec

ts
 o

f 
in

te
rv

en
ti

on
s 

(n
on

co
m

pa
ra

ti
ve

) 
(c

on
ti

nu
ed

)

C
ar

di
ov

as
cu

la
r 

ou
tc

om
es

O
ne

 s
tu

dy
 r

ep
or

te
d 

ne
w

-o
ns

et
 a

ng
in

a 
in

 1
0%

 o
f 

pa
ti

en
ts

 a
nd

 c
or

on
ar

y 
re

va
sc

ul
ar

iz
at

io
n 

in
 8

%
 a

ft
er

 a
 m

ea
n 

of
 1

0 
ye

ar
s;

 6
%

 o
f 

pa
ti

en
ts

 
su

ff
er

ed
 a

n 
M

I 
an

d 
4%

 a
 s

tr
ok

e.

K
id

ne
y 

fu
nc

ti
on

Tw
o 

st
ud

ie
s 

re
po

rt
ed

 o
n 

ki
dn

ey
 f

un
ct

io
n;

 in
 1

, 4
3%

 o
f 

pa
ti

en
ts

 h
ad

 im
pr

ov
ed

 k
id

ne
y 

fu
nc

ti
on

, 1
0%

 h
ad

 w
or

se
ne

d 
ki

dn
ey

 f
un

ct
io

n,
 a

nd
 7

0%
 

of
 th

os
e 

w
ho

 w
er

e 
on

 R
R

T
 p

ri
or

 to
 s

ur
ge

ry
 d

is
co

nt
in

ue
d 

di
al

ys
is

. M
ea

n 
G

F
R

 in
cr

ea
se

d 
by

 7
 m

L
/m

in
 a

ft
er

 a
bo

ut
 5

 y
ea

rs
 (

1 
st

ud
y)

, b
ut

 m
ea

n 
S

C
r 

in
cr

ea
se

d 
by

 0
.1

 m
g/

dL
 a

t 4
 y

ea
rs

 (
in

 th
e 

se
co

nd
 s

tu
dy

).

B
P

 c
on

tr
ol

In
 4

 s
tu
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